interest to orthopedic surgeons and neurosurgeons alike. There is a strong consensus that 15% to 30% of low-back pain cases can be attributed to the SIJ. 3, 6, 22, 23 Even with this high prevalence, the diagnosis and treatment for SIJ pain remains a topic of disagreement, and critics argue against the efficacy of SIJ fusion as definitive treatment for individuals experiencing SIJ pain. Even so, SIJ fusion has been steadily gaining popularity among many orthopedic surgeons and neurosurgeons. We sought to perform an evidence-based systematic analysis of the published literature regarding the indications, clinical outcomes, and fusion rates associated with SIJ fixation to help guide future clinical practice.
methods
An extensive literature search was performed using MEDLINE, Google Scholar, and OvidSP-Wolters Kluwer Health search engines. All articles containing the keywords "sacroiliac fusion," "minimally invasive sacroiliac joint fusion," "sacroiliac joint arthrodesis," or "sacroiliac fixation" published from January 2000 to May 2014 were reviewed by 2 independent investigators. Original, peerreviewed, prospective or retrospective scientific papers including at least 2 cases were included in the study. Exclusion criteria included inadequate clinical data as determined by 2 independent reviewers, nonsurgical treatment, non-English manuscripts, and nonhuman subjects. If a publication by a single institution or author clearly reported on the same cohort of patients as another publication, only the most recently published article with the largest sample size was included for final analysis. Two investigators independently reviewed each article, and data were extracted for the following variables: study design, total number of patients, surgical indications and pathological findings, previous surgical intervention, fusion rates, complication rates, perioperative morbidity, patient satisfaction rates and type of outcome assessment tools used, surgical procedure performed (open vs minimally invasive), inclusion criteria for surgery, and method of diagnosis of SIJ-generated pain.
A total of 217 articles were identified from the online database searches. After filtering reports that only contained human subjects, English-language publications, and published date from January 2000 to May 2014, a total of 108 unique articles were available for review. Of these 108 studies, 92 were eliminated for the following reasons: repeated studies (n = 4), nonoperative/diagnostic studies (n = 20), not relevant to SIJ fusion (n = 42), technique/ individual case reports (n = 11), anatomical studies (n = 8), insufficient data (n = 3), and reviews/meta-analysis (n = 4) (Fig. 1) . A total of 16 peer-reviewed journal articles were found: 5 consecutive case series, 8 retrospective studies, and 3 prospective cohort studies. Seven of the studies re- (Table 3) . Of the studies reviewed, 12 of 16 specified whether previous back surgery occurred. Reviewing these 12 studies, 201 patients (63.4%) had some form of low-back surgery before undergoing the reported SIJ fusion (Table 4) .
For the open surgery technique, fusion confirmation was determined by CT scan, and success rates ranged from 20% to 90%. Clinical and patient satisfaction was based on several subjective patient assessment tools. Excellent satisfaction, determined by pain reduction, function, and quality of life, ranged from 18% to 100%, with a mean of 54%. Poor satisfaction rates (e.g., patient stating he/she would rather have not had the surgery) ranged from 0% to 47%, with a mean of 32% of patients classified as dissatisfied with the surgical outcome ( Table 5 ). For patients undergoing MIS, fusion was determined in 4 of 9 studies by either CT or plain radiograph, and confirmation rates ranged from 13% to 100%. Clinical and patient satisfaction scores were determined by subjective questionnaires and pain improvement. Excellent outcome, judged by a patient's stated satisfaction with the surgery, ranged from 56% to 100%, with a mean of 84% (Table 6 ).
The reoperation rate for patients undergoing open surgery ranged from 0% to 65%, with a mean of 15%. The major complications after open surgery were painful hardware leading to removal, deep wound or pin infections, and nerve root irritation (Table 7) . Other complications encountered were localized muscle herniation at the autograft site, peroneal nerve entrapment, neurolysis, an intraoperative iliac crest fracture, and pulmonary emboli.
The reoperation rate for patients undergoing MIS ranged from 0% to 17%, with a mean of 6%. Major com- plications encountered after MIS were new-onset facet joint pain, trochanteric bursitis, deep wound infections, new onset of low-back or leg pain, and superficial cellulitis (Table 8 ). Other complications encountered were radiculopathy, vascular necrosis of the hip, piriformis syndrome, implant penetration into the sacral neural foreman, peripheral neuropathy, a nondisplaced fracture, and pulmonary emboli/deep vein thrombosis. One study reported the adverse event rate at 56%.
discussion
The recognition of SIJ pain as the origin of persistent, debilitating, low-back pain is making a resurgence; similarly so is surgical intervention, fusing the SIJ by either open or minimally invasive means. Literature is scarce when it comes to describing the efficacy of surgical intervention, 22 and the general consensus is to refrain from surgery until all nonoperative treatment modalities have been exhausted. 1, 2, 5, 12, 14, 15, 19, 22, 25 Conservative methods for managing SIJ pain include trials of physical therapy, focusing on core and pelvic stability, external orthotics, pain management, periodic intra-articular injections, anti-inflammatory medications, and life style changes including smoking cessation and weight loss. 9, 22 Whether efficacy is determined by objective measures, CT-confirmed fusion, or subjective methods, patients' levels of satisfaction with the results of fusion procedures are inconsistent. In this literature analysis, confirmed fusion rates, patient satisfaction, and reoperation rates varied greatly. A majority of the patient population had a history of a previous low-back surgery before SIJ fusion, with many undergoing concomitant surgery or additional back surgery during their follow-up period. 18, 20 This raises the question of where the true pain generator lies. Ultimately the goal for future practice is to develop screening techniques that can accurately diagnosis whether the SIJ is the pain generator, as a filter to selecting appropriate treatment for patients.
The first step to successful clinical outcomes is obtaining an accurate diagnosis. While historically the diagnosis of SIJ pain has been difficult to make, all but one of the studies (94%) in this review used patient relief from pain after intra-articular joint anesthetic or steroid injection as the ultimate factor for inclusion in an SIJ fusion protocol (Tables 1 and 2 ). Most screenings were completed under fluoroscopic guidance to ensure accurate placement of the injection. A positive result was pain reduction by 50% to 100%, depending on the specific study, after the injection.
1,2,4,5,7,9,10,12,13,15,19-21, 25 Cohen described the various modalities used for diagnosing SIJ pain-physical examination, radiological studies, pain referral patterns, and diagnostic blocks-in a comprehensive review and came to the conclusion that there is no single universally accepted diagnostic method. 6 Factors that can affect the sensitivity and specificity of diagnostic blocks include a placebo effect, referred pain, central sensitization, expectation bias, symptomatic blockade, systemic absorption, and psychosocial issues. 6 Although the studies analyzed here suggest a positive response to SIJ block as the final diagnostic inclusion criterion, along with physical examination or radiological studies, there is a drastic lack of literature evidence to support such a conclusion in the literature. 24 SIJ injection is considered the best test currently available for diagnosing SIJ as the cause of low-back pain, so it is the adopted gold standard; however, there is still considerable error in relying on this method alone. To improve diagnostic precision, some authors advocate the use of the double-block standard. 21 This method repeats the positive block with a different substance to improve sensitivity of the test. In summary, however, the use of physical examination, radiological studies, or diagnostic blocks cannot diagnose the SIJ as the origin of pain with a reasonably accepted sensitivity or specificity.
With questionable diagnostic precision and the high rate of previous low-back surgeries, concomitant surgeries, and eventual future surgeries among patients undergoing SIJ fusion, one must seriously consider whether the SIJ is the actual pain generator for many patients. Prior history of back surgery reached nearly 60% among patients undergoing SIJ fusion in the 16 publications included here 2,5,7,9,10,15,18-21,25 along with 6 reported cases of concomitant low-back surgeries. 18 ,20 A few studies demonstrated the possible phenomenon of non-SIJ causes of pain, with relatively high fusion rates (85%-90%) but comparatively poor patient-rated success (48%-60%).
5,14
The SIJ is a complex joint that transmits force from the spine down to the pelvis and lower extremities as well as from the pelvis and lower extremities up to the spine, 11 closely associating the SIJ with the lumbar spine superiorly and the knee joint inferiorly. This relationship is confirmed with the well-accepted association of SIJ pain after lumbar spine fusion. Maigne and Planchon demonstrated that 35% of pain after lumbar fusion could be attributed to the SIJ, 17 while Liliang et al. confirmed the SIJ as the origin of pain after lumbar fusion in 40% of their population. 16 One of the most commonly stated etiologies for SIJ pain is sacroiliac joint dysfunction, which is defined by pain without a demonstrable lesion. 4 There is a presumed mechanical disorder, but taking into account the lack of certainty in diagnostic methods and complexity of the hip and SIJ, an alternative origin of the discomfort is a very reasonable consideration. The pain and discomfort experienced by the cohort described in this manuscript is likely a combination of various pathologies, specifically with lumbar, hip, and lower-extremity etiologies.
There is no universally accepted method for surgical intervention in the treatment of SIJ pain or instability. Many open methods have been described through short case series, and the new approaches to MIS have made a recent splash in the literature. The Smith-Petersen technique uses an iliac autograft fixated within the SIJ with atlanto-occipital screws. 4, 19 Other techniques described in our literature search are a midline posterior approach us- ing pedicle screws and an autograft, or Cloward instrumentation; 2,4,10,12,14 an anterior approach with 3-hole plate and autograft; 15 and a bilateral Buttress with autograft 21 (Table  1) . The MIS procedures included use of hollow modular anchorage screws, autograft, and bone morphogenetic protein (BMP), 1, 13 longitudinally threaded cages with BMP, 25 multiple long screws crossing both SIJs engaging the iliac bones, 18 and the iFuse Implant System (SI-BONE) 7, 9, 15, 19, 20 ( Table 2) . The iFuse Implant System is rapidly gaining popularity. It is a minimally invasive surgical option that uses 3 triangular implants that are porous and coated with plas- ma. Five of the studies analyzed here used this approach and reported moderately successful outcomes. However, 80% of the studies did not include image-confirmed anatomical fusion as part of the outcome assessment. Other issues include short follow-up periods ranging from 6 to 40 months, and several potential conflicts of interest. 7, 9, 15, 19, 20 Longer follow-up, third-party investigation, and randomized control studies are needed to assess the true efficacy for this up-and-coming intervention. A true arthrodesis requires apposition of 2 bone surfaces, allowing for approximation without compromising the stability of the joint. 24 The anatomical position of the SIJ and complex innervation make a routine joint fusion more difficult to accomplish. 22, 24 This has resulted in high rates of nonunion or questionable fusion and elevates the complication risk in both open and minimally invasive approaches. Duhon et al. described an adverse event rate of 56% in his safety cohort, 53 events occurring in 94 patients. 9 There are many reported cases of successful SIJ arthrodesis that greatly improve the quality of life for the individuals and eliminate their daily pain. 1, 2, 4, 5, 7, 9, 10, [12] [13] [14] [15] [18] [19] [20] [21] 25 Certain etiologies-for example, acute traumatic instability-require immediate surgical intervention and have good reported outcomes; however, the majority of patients undergoing surgery are classified as having SIJ degeneration or dysfunction, and the consensus on efficacy of fusion is not as clear for these patients. To limit the amount of nonunion, unsatisfactory results, reoperations, and need for additional back surgery, a strict guideline for SIJ fusion needs to be developed and implemented. Kibsgård et al. compared the long-term results (mean follow-up 279 months) in 50 patients undergoing surgical intervention for their SIJ dysfunction with the follow-up of 28 patients whose cases were only managed conservatively. His review demonstrated that the surgical group did not differ from the conservative management group with respect to outcome at long-term follow-up.
14 This finding reiterates the fact that surgical intervention for SIJ pathologies may not be beneficial for everyone. Accurate diagnosis, superior surgical skills, and the right patient population can make SIJ arthrodesis a worthwhile and life-changing procedure; however, these factors are not thoroughly demonstrated in much of the population undergoing the surgery today.
conclusions
Surgical intervention for SIJ pain is beneficial in a subset of patients. However, with the difficulty in accurate diagnosis and lack of evidence for the efficacy of the procedure itself, serious consideration of the cause of pain and treatment alternatives should be made before performing SIJ fusion. Based on our comprehensive review of the literature, prospective, randomized studies with a focus on long-term pain control and fusion rates after SIJ fusion are lacking in the neurosurgical and orthopedic literature. Further, well-designed studies are necessary to better understand the surgical and clinical efficacy of SIJ fusion. h. a. Zaidi, a. J. montoure, and c. a. dickman
